We report the synthesis, characterisation and photochemical reactivity of the triazolecontaining complex [Ru(pytz)(btz) 2 ] 2+ (1, pytz = 1-benzyl-4-(pyrid-2-yl)-1,2,3-triazole, btz = 1,1'-dibenzyl-4,4'-bi-1,2,3-triazolyl). The UV-visible absorption spectrum of 1 exhibits pytzand btz-centred 1 MLCT bands at 365 and 300 nm respectively. Upon photo-excitation, 
Introduction
Thermally kinetically inert complexes of d 6 metals have received enormous interest in the literature over past decades due to their diverse applications in various fields of photophysics and photochemistry. 1 These range from light harvesting and solar energy conversion 2, 3 to phosphorescent dopants in light emitting devices [4] [5] [6] [7] [8] for electronic display and artificial lighting applications. Significant efforts have therefore focused on the design of ligands for these complexes in order to maximise their light absorbing 9 and/or emissive properties. 10 The excited states in these complexes responsible for solar cell sensitisation or light emission, for example, are 3 MLCT states. Efficiency loss processes for phosphorescent emitters often involve higher-lying 3 MC states which, when in close enough energetic proximity, can be thermally populated from photoexcited 3 MLCT states. [11] [12] [13] These 3 MC states are also implicated in photochemical isomerisation and ligand ejection reactivity. Thus, modulation of the relative energies of 3 MLCT and 3 MC states through judicious ligand design can increase luminescent efficiency or conversely promote photochemical reactivity.
Whilst undesirable for light emitting applications, efforts to promote photochemical ligand ejection have recently attracted attention where complexes are desired as ruthenium(II)-based photoinitiated DNA binding agents in cancer therapy [14] [15] [16] or incorporated into molecular machines. 17, 18 Typically, complexes are designed incorporating sterically encumbered ligands that weaken metal-ligand bonds and thus stabilise 3 MC states with respect to the 3 MLCT states when compared to complexes where such encumbrance is absent. This thereby increases the thermal accessibility of 3 MC states from photoexcited 3 MLCT states [19] [20] [21] [22] [23] [24] [25] (the terms stabilisation and destabilisation here refer to changes in the energies of these 3 3 ] 2+ complexes invariably have a highest occupied molecular orbital of predominantly metallic 4d character, and hence effectively the same ground state, these excited state energies can be readily compared). Work in our laboratory, [26] [27] [28] and those of others, [29] [30] [31] [32] has shown that complexes containing 1,2,3-triazole rings that lack such steric promotion can also lead to photochemical reactivity, possibly through destabilisation of the 3 MLCT state with respect to the 3 MC state when compared to those states of the archetypal complex [Ru(bpy) 3 ] 2+ . We recently reported the series of complexes [Ru(bpy) 3-n (btz) n ] 2+ (btz = 1,1'-dibenzyl-4,4'-bi-1,2,3-triazolyl, n = 1 to 3) 33 in which an increasing number of btz ligands leads to destabilisation of the 1 MLCT bands in the visible absorption spectrum, significantly so for the homoleptic complex [Ru(btz) 3 ] 2+ . [33] [34] [35] The heteroleptic complexes in this series were both shown to exhibit photochemical ejection of a btz ligand. In the case of [Ru(bpy) 2 , which is emissive at low temperature in frozen solution, 33 no discernible emission was observed for 1 in either room temperature MeCN solutions nor at 77 K in a 4:1 EtOH:MeOH solvent glass (Supporting Information, Figure S7 ). The quenching of emission for 1 is therefore likely to be due to the population of non-emissive 3 33 it is assumed that reductions for 1 similarly lie beyond the lower limit of the electrochemical solvent window.
To probe the photochemical reactivity of 1, acetonitrile solutions of 1 were subject to irradiation utilising a 23 W fluorescent lamp (the output profile of which is shown in the Supporting Information, Figure S6 ) and monitored by both 1 H NMR and UV-visible absorption spectroscopy. Figure S5 ). When a partly photolysed sample of 1 exhibiting resonances for 2 is left in the dark over 2 days reversion to the starting material is observed. Several attempts were made to grow crystals of the photo-product for X-ray diffraction but these were unsuccessful.
After prolonged irradiation, further resonances are observed for the photolysis product Figure S6 ). This might be surprising given the observed destabilisation of the 1 MLCT state of 1 relative to that of the latter. This would be expected to make 3 Figure S6 ).
Utilising exclusively an excitation wavelength of 363 nm and a ferrioxalate chemical actinometer, the quantum yield of the first photodechelation step was estimated to be  363 = 0.013. The magnitude of this quantum yield is noted to be similar to that reported recently for the photo-induced ejection of pyridine from a ruthenium(II) tris(2-pyridylmethyl)amine (TPA)-containing complex. 43 Likewise, the yield of photo-product formation is consistent with that of Ru(II) complexes featuring 1,2,3-triazole-containing variants of the TPA moiety, where an arm of the tripodal ligand is replaced by a solvent molecule upon irradiation. 44 In these systems it has been found that fully triazolated TPA analogues used in conjunction with 2,2'-bipyridine give rise to photo-product quantum yields of similar magnitude to ( 350-400 = 0.036,  436 = 0.0604), though greater than that measured here for 1. In order to more fully understand the photophysical properties of 1 we turned to DFT calculations. The ground state geometry of 1 was optimised at the B3LYP level of theory using the Stuttgart-Dresden ECP for ruthenium and 6-311G* basis sets for all other atoms. In order to reduce the computational cost the benzyl substituents of the pytz and btz ligands were simplified to methyl substituents. The calculated structure of the complex displays a distorted octahedral geometry, key structural parameters for which are provided in Figure 6 . The frontier molecular orbital isosurfaces for 1 were plotted ( Figure 7 and A time-dependent DFT calculation was carried out at the ground state geometry of 1 to simulate the optical absorption spectrum of the complex (Figure 9 ). The energies of the lowest 50 singlet vertical excitations were calculated and the character of the major transitions determined ( TDDFT calculated absorption spectrum for 1 (experimental absorption spectrum overlaid). The energies of the lowest triplet excited states were also determined by a TDDFT calculation for the ground state optimised geometry and singlet ground state wavefunction and reveal that the T 1 state lies 2.97 eV above the ground state and is of HOMOLUMO 3 MLCT character. However, the T 2 state, which lies only 0.11 eV (to 2 d.p.) higher in energy, is of predominantly HOMOLUMO+9 3 MC character ( Table 1 ).
The energy of the lowest triplet excited state was alternatively calculated in a singlepoint SCF calculation at the ground state geometry using the constraint of the spin multiplicity of 3. This therefore effectively calculates the triplet electronic ground state at this geometry and hence is representative of the T 1 state after its formation and is calculated to lie 3.09 eV above S 0 . A plot of the spin density (Figure 10a) shows that the unpaired electrons are localised primarily at the metal centre indicating 3 MC character. A triplet TDDFT calculation after this single-point calculation allows the determination of the energies of higher lying triplet excited states. 45, 46 The first root determined from this calculation, and therefore the T 2 state, lies only very slightly higher in energy by 0.017 eV. This is dominated by a transition of an electron in the higher-energy singly-occupied molecular orbital to the LUMO which is localised on the pyridyl ring and is therefore of 3 
1.
The TDDFT data for triplet excitations from the singlet ground state wavefunction and the triplet state wavefunction single-point calculations at the same geometry above would appear to give contradictory results as to the nature of the lowest energy triplet excited state.
However, the triplet TDDFT states calculated are a superposition of possible transitions from the singlet ground state whereas the triplet single-point calculation determines the electronic distribution of the triplet ground state at that geometry. For excited states that lie close in energy to one another it might well be expected that the relative ordering of the states from these calculations might not necessarily be in agreement. Nevertheless, the results clearly show that the 3 MLCT and 3 MC states are indeed very close in energy and thus the latter will inevitably be efficiently populated leading to the observed photochemical reactivity.
Conclusions
We Table 2 . Preliminary scans were employed to assess the crystal quality, lattice symmetry, ideal exposure time etc. prior to collecting a full sphere of diffraction intensity data using SMART 49 operating software.
Intensities were integrated from several series of exposures, merged and corrected for Lorentz and polarisation effects using SAINT 50 software. Solutions were generated by conventional Patterson heavy atom or direct methods and refined by full-matrix non-linear least squares on F 2 using SHELXS-97 and SHELXL 51 software respectively. Empirical absorption corrections were applied based on multiple and symmetry-equivalent measurements using SADABS. 52 All structures were refined until convergence (max shift/esd <0.01) and in each case, the final Fourier difference map showed no chemically sensible features. The structure for 1 contained both a disordered hexafluorophosphate anion and a phenyl ring and these were modelled in two positions using the PART instruction. For all the disordered atoms the DELU, SIMU and in some cases ISOR constraints were used in the least-squares refinement. Computational Details. The singlet ground state geometry of 1 was optimised using SCF procedures at the B3LYP level of theory in the gas phase using the NWChem 6.3 software package. 53 The Stuttgart-Dresden relativistic small-core ECP was used for ruthenium and 6-311G* basis sets were used for all other atoms. 54, 55 The optimised minimum was confirmed through a vibrational frequency calculation. Molecular structures and molecular orbital plots were visualised using the ECCE software package. Vertical singlet and triplet state excitation energies for 1 were calculated by a TDDFT calculation at the ground state geometry. The lowest lying triplet state at the optimised ground state geometry was calculated in a singlepoint calculation using SCF procedures using a spin multiplicity constraint of 3. Higher lying triplet states were then determined by a TDDFT calculation starting from this triplet state wavefunction. The lowest lying triplet state was then optimised using SCF procedures by using the constraint of a spin multiplicity of 3.
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